Members of the cysteine-rich protein (CRP) family are evolutionary conserved proteins that have been implicated in the processes of cell proliferation and differentiation via the cytoskeletal proteins. In this paper, we present the dynamic expression pattern of CPR2 transcripts during chick limb bud development. CRP2 transcripts are located in various tissues, including muscle, arteries, cartilage, ligaments and digit tendons and also in the apical ectodermal ridge and feather buds. q
Results and discussion
Cysteine-rich protein (CRP) proteins contain 192-194 amino acid residues and display two LIM domains, a motif necessary for protein-protein interactions. The three CRP family members can bind directly to two cytoskeletal proteins: the adhesion plaque protein, zyxin, and the actincross linking protein, a-actinin, both of which are important for filamentous actin organisation Louis et al., 1997) . This has led to the idea that CRPs share many functions and may play similar roles in cells, such as contributing to muscle cell differentiation via effects on the cytoarchitecture . The best evidence for this notion comes from the studies on CRP3, which has been shown to be essential for muscle differentiation in C2 cells (Arber et al., 1994) . CRP3-deficient mice exhibit a disruption of cardiac cytoarchitectural organisation leading to heart failure as well as skeletal muscle defects (Arber et al., 1997) . Although the targeted disruption of the CRP1 and CRP2 genes has not been reported, CRP1 and CRP2 have been described to be prominent in a variety of tissues rich in smooth muscle (Jain et al., 1996 Yet et al., 1998; Henderson et al., 1999; Pomies et al., 1997; Louis et al., 1997) . However, the specific tissue and cellular location of CRP transcripts has not been determined in the chick limb.
At E2 (HH13), CRP2 transcripts were not detected anywhere in the embryo (data not shown). CRP2 expression is observed around the 3rd day of embryonic development, in somites and limbs. In the limb, CRP2 transcripts are detected in two stripes flanking the AER at E3.5 and E4, persisting until E6 (Fig. 1A-D) , reminiscent of cux1 expression involved in AER formation (Tavares et al., 2000) . From E3 to E9, CRP2 transcripts present a dynamic expression pattern in the limb mesenchyme (Fig. 1) . In order to understand in which tissue CRP2 transcripts are located, we performed sections at different stages and compared its expression with specific markers of different tissues. Based on the literature, which associates CRP2 with vascular smooth muscle cells, we first compare its expression with blood vessels in quail limbs. Using the QH1 antibody, recognising the endothelial cells (Pardanaud et al., 1987) , we found no obvious correlation, although some overlapp, between CRP2 expression and blood vessels at all stages analysed, E5 to E8 in quail embryos ( Fig. 2A -C, data not shown at E8). However, CRP2 transcripts are clearly located in two blood vessels at E7 and E9 ( Fig. 2C, D ; black arrowheads), that correspond to two collaterals of the brachial artery ( Fig. 1H , J; white arrowheads). This arterial expression is consistent with previous western immunoblot analyses from chick embryonic tissues , in situ hybridisation in mice and transgenic mice . CRP2 transcripts are also clearly detected in cartilage elements at E5 ( Fig. 2A) and are progressively excluded from this region to be observed around the cartilage elements from E7 (Fig. 2B,  C) . Longitudinal sections of E10 limbs show no detectable CRP2 expression in the cartilage core (data not shown). CRP2 is expressed in skeletal muscle at various stages of limb development. CRP2 transcripts are clearly detected uniformly in dorsal and ventral muscle masses at E5 ( Fig.  2A) , indicating that the mesenchymal central expression from E3 to E4 observed in whole-mount limbs (Fig. 1A , C, D) corresponds to muscle cells. During the splitting process of muscle masses (from E5.5 to E7.5 in the chick forearm) the intensity of CRP2 expression is not uniform within muscles (Fig. 2B, C) . All individual muscles from E8 to E10, expressed CRP2 though not uniformly (Fig. 2D) . The EMU is more strongly labelled in its ventral part shown on transverse (Fig. 2E) and longitudinal (Fig. 2F) sections, while the EDC does not present any significant expression, at this level of section (Fig. 2D, E) . The FDP is always strongly marked (Fig. 2D ). This heterogeneous expression in muscles and along the different muscles is consistent between embryos at the same stages. CRP2 transcripts are located in digit tendons seen on transverse sections in digits at E6 and E7 (Fig. 3A, B ; arrows) and in E8, E9 limbs ( Fig.  1G-J ; black arrows). Comparison with expression of scleraxis, a specific marker of limb tendons and ligaments (Schweitzer et al., 2001) , confirms the expression of CRP2 in digit tendons, at E10 (Fig. 3C, D; arrows) . It has to be noted that scleraxis expression runs more closely to muscles than that of CRP2 (tendon arrowed in Fig. 3C, D) . 3 . CRP2 transcripts are associated with ligaments and digit tendons. Transverse sections in the digits of quail wings from E6/HH28 (A) and E7/HH30 (B) embryos were incubated with DIG-labelled antisense CRP2 probe (blue) followed by immunostaining with the QH1 antibody (brown). Adjacent longitudinal sections from E10 chick wings were hybridised with DIG-labelled antisense probes (blue) for CRP2 (C,E,G) and scleraxis (D,F,H) then incubated with theIn contrast to scleraxis, which labels all limb tendons (Schweitzer et al., 2001) , CRP2 mRNAs are not detected in forearm tendons ( Fig. 3E-H; arrows) . Comparison with scleraxis expression also shows that CRP2 transcripts are located in ligaments around cartilage elements (Fig. 3C, D) .
In conclusion, in addition to its location in vascular smooth muscle, CRP2 transcripts are located in various differentiated limb tissues including muscle, cartilage, ligaments and digit tendons. One important feature of CRP2 expression pattern is that it is not homogenous within a tissue.
Materials and methods
We have cloned the CRP2 coding sequence from an E2 chick embryo cDNA library provided by the Resource Center and Primary Database, RZPD (Germany). Embryos (before E7) were staged according to Hamburger and Hamilton (1951) (HH), while embryos after E7 were staged according to days in ovo. To facilitate comparisons, the numbers of days of incubation are reported with HH stages, until E7. Chick embryos were processed for in situ hybridisation to whole mounts and sections as previously described by Edom-Vovard et al. (2001) . Probes were prepared from the coding regions of CRP2 and scleraxis (Edom-Vovard et al., 2001) for transcription in the presence of digoxigenin coupled to uridine. The digoxigenin-labelled probe was revealed by immunohistochemistry using NBT/BCIP. Differentiated muscle and quail endothelial cells were detected on sections after in situ hybridisation using the monoclonal antibody against sarcomeric myosin heavy chain, MF20 and the monoclonal antibody, QH1, respectively (Developmental Hybridoma Bank) and a horseardish peroxidase (HRP)-conjugated secondary antibody and diaminobenzidine (DAB) as a substrate.
